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ABSTRACT 
Objectives: The aims of this study are to determine the shade correlation between try-in 
pastes with their corresponding resin cements. Also, to investigate the effect of resin 
cement shades and various ceramic thicknesses, shades, and translucency in the final color 
outcome over tooth-shaded backgrounds. 
Materials and Method: Lithium Disilicate CAD/CAM blocks (IPS e.max CAD) were 
prepared, in high and low translucency, in two different shades (A1 and A3), and in 2 
different thicknesses (0.53 ± 0.02 mm and 0.83 ± 0.02 mm). Four different tooth-shaded 
backgrounds (ND2, ND5, ND8, and ND9) were prepared from acrylic resin in a standard 
thickness of 6.610 mm to achieve complete opacity. RelyX veneer cement and its 
corresponding try-in paste in three different shades, Transparent (TR), White Opaque 
(WO), and Bleached Opaque (BO), in a thickness of (80 ± 5 µm) were used. For each 
combination, the color was measured with a spectrophotometer to calculate the color 
difference (ΔΕ value) in reference to ceramic veneer, and the differences of ΔΕ among the 
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specimens were compared statistically using JMP Pro 13. Analysis was performed for 3 
aims, (1) to compare the ability of ceramic to mask the aspect of the abutment in relation 
to its thickness (0.5 and 0.8) mm, transparency (HT and LT) and shade (A1 and A3), (2) 
effect of a change in cement color (TR, WO, and BO) on the final color of the ceramic; 
and (3) to determine the correlation between try-in pastes with their corresponding resin 
cements. 
Result: A significant difference was found with a p-value of <.0001 for the following 
factors: Stump Shade, ceramic thickness, cured cement, ceramic shade, cement type and 
for the interactions of cured cement with cement type, and stump shade with ceramic 
transparency.  Also, a significant difference was found with ceramic transparency with a 
p-value 0.0476. While cured cement and its corresponding try-in paste showed a significant 
difference in color masking (p <.0001) shade White Opaque cement and shade White 
Opaque try-in paste exhibited insignificant color change outcome with a p-value of 0.8051. 
Conclusion: RelyX veneer cements shades (Translucent and Bleached Opaque) have 
lower masking ability than White Opaque cement.  RelyX veneer Try in paste is much 
less effective in masking than its corresponding resin cement.  The only correlation 
between RelyX veneer cements with their corresponding try-in pastes among the shades 
tested (White Opaque, Translucent and Bleached Opaque) is with shade White Opaque. 
This study demonstrated that underlying tooth abutment color, cement color, and ceramic 
thickness shade and translucency all influence the resulting optical color of CAD/CAM 
glass-ceramic lithium disilicate-reinforced restorations.  
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CHAPTER 1 INTRODUCTION 
 
1.1 Esthetics and Dentistry 
A wide range of esthetic entities are appreciated by humans, for example, painting, 
sculpture, music, flowers, landscapes and faces. This appreciation involves a highly 
complex mental procedure that inspires esthetic production as it involves a wide range of 
processes. Several factors such as stimulus symmetry, complexity, novelty, familiarity, 
artistic style, appeal to social status and individual preferences, governs aesthetic 
processing. i.e. the evaluation or production of beauty, ugliness, prettiness, harmony, 
elegance, shapeliness or charm1.  Moreover, multiple perspectives should also be 
considered including evolutionary, historical, cultural, educational, cognitive, (neuro) 
biological, individual, personality, emotional and situational2. In respect to the term 
“esthetics” it refers to beauty, the arts, shapeliness, elegance, harmony and the like1.  
The numbers of Individuals who are not satisfied with their teeth esthetics are 
increasing3-5. Therefore, professionals should consider all factors that will influence the 
final outcome of the restorations. Aesthetic dentistry is in a dynamic development, which 
demands clinicians to integrate it in the dental treatment plan and precisely focus on color 







1.2 Science of Color 
1.2.1 Human eyes color perception 
The cornea provides the needed refraction to focus light and the lens of the eye to 
direct the object’s image onto the retina, which is located at the back of the eyeball. Change 
of focus in the lenses is done to accommodate different viewing distance of the object 
Figure 1.  
 
 
Figure 1: schematic of human eye. 
 
The retina has photoreceptors imbedded in its membrane, which sense the image 
and create neural signals that provide the sense of sight. These photoreceptors are of two 
kinds; rods and cones. Rods are extremely sensitive to light. They are particularly useful 
in very low light levels, which is called scotopic vision, in which only grey shades, with 
no other colors can be perceived.  On the other hand, in typical light levels, the less-
sensitive cones are active, and this is called photopic vision. When illumination levels 
activate both domains; i.e. having both Rods and Cones active, it is described as an 
intermediate mesopic form of vision. 
 
3 
Color vision is provided by cones. In normal color vision observers, there are three 
spectral sensitive cone types with photosensitive pigments. These three different types 
differ in their spectral absorption characteristics and are either short, medium or long 
wavelength sensitive cones7.  
When light hits an object, depending on the properties of the object, wavelength 
will be either reflected or absorbed by the object, only the color of that reflected wavelength 
is perceived Figure 2. Cones respond strongly to red light by 64%, while about 30 % to 




Figure 2: visible color spectrum. 
 
Humans with three cone types are better at perceiving color than most mammals, 
such as dogs whom are believed to be color blind. On the other hand, many birds and fish 
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can perceive the full spectrum of color, while some insects can see shorter light wavelength 
or ultraviolet light that humans cannot vision. Although slight color differences can be 
easily distinguished by the human eye, matching objects colors is very difficult8. As a 
result, one of the greatest technical challenges in the restorative procedure is shade 
matching9.  Color blind test could be indicated to be taken by esthetic dentists, one well 
known for is the Ishihara color test, which is achieved by distinguishing the numbers inside 
the colored circles Figure 3.  
 
 




1.2.2. Color Systems  
Munsell Color System 
 Professor Albert H. Munsell published, A Color Notation, the Atlas of the Munsell 
Color System, which explains the development of the Munsell system during the 20th 
century. This made color measurements and recordings easier and more convenient10.  The 
Munsell color system is the first to describe color in Three-dimensional space, 
independently and uniformly using Hue, Value and Chroma, and written in form H 
V/C10,11.  Hue, the colors name in its pure state in the spectrum, is divided into five principal 
groups; Red, Yellow, Green, Blue, and purple, along with five intermediate hues halfway 
between adjacent principal hues12 while Chroma, is the degree of a color intensity or purity. 
The higher chroma the more intense is the color. On the other hand, value describes the 
variation of a color darkness or lightness, starting from black (value 0) to white (value 10), 





Figure 4: The Munsell color system showing a circle of hues at value 5, chroma 6; the 




CIE L*a*b color system 
In 1931, The International Commission on Illumination, Commission 
Internationale de I’Eclairage, was the first to define color space mathematically (The CIE-
LAB color system).  Since then other systems evolved e.g. (CIE 1976 L*a*b*, CIE 1976 
L*u*v* & CIE 1976 L*C*h*.  Above all, The CIE 1976 L*a*b* color system is used to 




Using the three coordinates (L*a*b*) of the CIE-LAB system, a shade is being 
determined, based on the standardization of the light source and the observer.  L*, 
Lightness, is the vertical scale starts from 0 as black, and runs to 100 as white. While a* 
and b* are not described numerically, instead positive and negative signs of green and red 
for a* are used, and yellow and blue for b*11 Figure 5. 
 
 
Figure 5: CIE L*a*b*- Color space system to define each perceivable color with the 
coordinates (L*a*b*)14. 
 
Delta E* and Masking Properties 
While ΔE is the position in color space, Delta E* (ΔE*) is a mathematic formula 
that helps in measuring color differences of two objects, based on the CIE L*a*b* 
system, as follows:11 
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ΔE* = [(ΔL*)2 + (Δa*)2 + (Δb*)2]1/2 
Where:  
ΔL* = L2* - L1* 
Δa* = a2* - a1* 
Δb* = b2* - b1* 
 
The evaluation of masking degree in discolored teeth or substructure is related to 
ΔE* values. The smaller the number, the less the substructure is influencing the final shade 
outcome of the restoration, therefore if the number is equal zero, then it has excellent 
masking properties, when compared to the ceramic15.  
 A study by Kuehni R. and Marcus R.16 stated that, a human eye can detect as little 
as a value of 1 ΔE* in a controlled environment, when comparing two proximal objects. 
While Ruyter I.E. et al.17 shows that color detection in a clinical setting can be as high as 
3.3 ΔE*. This is also supported by another study which explained that any value greater 
than 3.7 ΔE*  is considered a mismatch and can be easily detected18. 
 
Contrast Ration (CR) 
CR is an opacity measuring method used commonly in dentistry, which measures 
ratio of illuminance. It is computed from the color space system Yxy, where Y=luminosity, 
x=hue and y=chroma, as a reflectance ratio (Yb/Yw), where Yb is the measurement when 
a black tile is placed behind the object, and Yw when using a white tile as a background19-
22. Therefore, CR describes how opaque or transparent is an object. An object is considered 
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translucent if most of the light is being transmitted.  On the other hand, if the object did not 
allow any transmission of light by scattering and reflecting it, it is considered opaque. 
 
Material’s Translucency 
In dentistry, opacity has a strong correlation to the thickness of a material. A study 
by Vichi A15 stated that 2 mm thickness of IPS Empress ceramic material، was able to 
block the underlying background while a thickness of 1mm was highly influenced by the 
substructures shade. Also, the composition plays an important role in translucency.  Crystal 
quantity within the core matrix, its chemical nature and particle size in comparison to 
incident light wavelength, are all factors influencing the material’s interaction with light, 
whether it absorbs, reflects, or transmits it. When the particle size and the light wavelength 
are similar in size, it leads to a scattering effect, with not much transmission of light. If the 
particle size is small (around 0.1µm in diameter), light will pass, resulting in a more 
translucent material with less refraction, which shows less opaque properties. In contrary, 
larger particle size (around 10 µm in diameter), leads to refraction and light absorption. 
Hence, the larger the particle size, the smaller the particle number per unit volume in an 
object exhibiting more light transmission and less opacity. Consequently, to achieve 
complete opacity, a material’s particle size is required to be slightly greater than the 
wavelength of light, with a different refractive index. e.g. zirconium oxide12,21. The 





TP =[(L*w-L*B) 2 + (a*w-a*B) 2 + (b*w-b*B)2] ½ 
Where ‘W’ and ‘B’ refer to the CIELAB values for each specimen on white backing and 
black backing, respectively. 
 
1.2.3 Dental color Instrumentation:  
There are several ways to determine dental shades using different instrumentals.  Table 1 




Table 1: Methods of measuring dental colors and their advantages and disadvantages. 
 Spectrophotometer 
 




• Longer working life 
span. 
• Unaffected by 
object metamerism. 
 
• Easier than 
spectrophotometer 
• Less expensive. 
• Easiest, cordless, light & 
cost effective  
• Based on 3D-master & 
classical shades.  Hence, 
can match conventional 
shade tabs. 
Cons • Large size of the 
device. 
 
• Less reliable in 
research due to 
aging of filter. 
 
• less practical in research 
due to inconvenience of 
exchanging large amount 
of measurements.   
use • Measure surface 
color of a specimen 
• Most practical and 
precise for research. 
• Full spectrum 
analysis. 
 
• Quantify the 








• Shade matching 




Spectrophotometer is used in our study to capture and measure the color masking 
ability and to obtain specimen reflectance values as described in 3D color space.    
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1.2.4 Light Transmission: 
As previously mentioned, the color of an object is determined by its interaction 
with light7.  Therefore, three different terminologies are used to describe light 
transmission:  
a) Transparent: most of the light passes through the object and form image. e.g. air and 
glass. 
b) Translucent: when part of the light pass through an object and the remaining is either 
reflected, scattered, or absorbed. The greater the light transmission, the more 
translucent the object, and vice versa. 
c) Opaque: when all the light is reflected back, or absorbed completely by the object 
without passing through it. 
 
Another important term used in light transmission is Refractive Index (RI).  It is 
the ratio of speed of light in a vacuum over speed of light in a given substance.  
If there are two different materials with two different refractive indices in an object, the 
speed of light will be affected, resulting in change in the optical properties of the object. 
 
1.3 Veneer Restoration 
1.3.1 Overview  
One of the conservative means to restore discolored anterior teeth are porcelain 
veneers.  These may be used to treat unaesthetic anterior teeth, such as teeth affected by 
fluorosis or tetracycline staining, anterior teeth diastema, malformed teeth, i.e., peg lateral 
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incisors, or patients who do not desire to go through orthodontic treatment for their 
malpositioned teeth22. Minimal enamel preparation, hence thin veneer, is a critical factor 
to mask discolored teeth27. Therefore, an option of increasing the depth of the preparation 
to 1.0 -1.5 mm will allow fabrication of a thicker material with higher potential for color 
correction28. However, studies have been conducted to overcome the problem of 
discoloration with solutions other than sacrificing tooth structure. These studies looked at 
contributing factors, besides the ceramic type and thickness, which will influence the final 
esthetic outcome of the restoration. These factors include resin cement variables (I.e. 
cement type, dual vs. light cure cement, cement thickness and its shade) as well as the 
stump shades29-32.  
 
1.3.2 Dental ceramics  
Ceramics can be classified into four basic compositional categories based on their 
microstructure33 Figure 6 : 
1. Glass-based system: Major composition is silicon dioxide (other names silica or 
quartz) including alumina in various amounts. Feldspars are naturally accruing 
aluminosilicates containing potassium and sodium.  Feldspar goes under 
modifications to creates the glasses used in dentistry.  E.g. Glass porcelain. 
2. Glass-Based System with Crystalline Second Phase, Porcelain: Depending on the 
range of glass-crystalline ratio and crystal types this category has three subdivisions 
as follows:  
A. Low/Moderate Leucite-Containing Feldspathic Glass: Also called 
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feldspathic porcelain.  Leucite is added to improve the material’s strength 
by altering the coefficient of thermal expansion, in addition to crack 
propagation inhibition.  It is commonly used as veneer porcelains for 
metal-ceramic restorations. 
B. High Leucite (50%)-containing glass: The microstructure consists of 
second phase individual crystals surrounded by glass matrix.  It is 
commonly used as a dental restorative material. 
C. Lithium disilicate: Crystal content of lithiuam disilicate is increased by 
approximately 70 %, Nevertheless, this material can be translucent due to 
the low refractive index of the crystals. 
3. Crystalline-based system with glass fillers: also called Interpenetrating phase 
composite.  E.g. in-ceram alumina 
4. Polycrystalline solids: also called solid-centered monophase ceramics.  Crystals are 
directly sintered without the presence of a matrix, forming a dense, air free, glass 
free polycrystaline structure. E.g. Alumina, Zirconia. 
 
IPS e.max CAD: lithium-disilicate glass-ceramic is the material of choice to be 
tested in this study. Although it is not as esthetic as IPS Empress or Mark II, but it is 
significantly stronger.  It is composed of quartz, lithium dioxide, phosphor oxide, alumina, 
and potassium oxide. It forms lithium metasilicate crystals after processing. It has higher 
mechanical properties due to absence of porosity and less inner structure defects compared 
to conventional materials, it is also more convenient since the patient can have the 
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restoration delivered at the same day of the preparation by the use of a digital impression 
which communicates with computer controlled machine to mill the ceramic block based 
on the required design. IPS e.max CAD starts from Intermediate state, which is blue in 
color, and soft stage (130-150) MPa for easy, less time-consuming milling. Then obtains 
its final strength to 360 MPa after crystallization.  This material can be translucent due to 
the low refractive index of its crystals. 
 
 



























1.4.1 Light cure and dual cure cements 
The glossary of prosthodontic terms defined the cementation process as a material 
that is placed to fill the space between adjacent objects, which on becoming hard it 
produces a bond between them34,35. Cementation main goal is retaining the restoration. 
Therefore, proper selection of the luting agent is a major element for the success of a 
restoration. This is achieved by proper knowledge of physical properties, biological 
properties and other attributes of both restorative materials and luting agents36. Luting 
agents are divided into three categories based on setting reaction:37  
1. Acid-base: zinc phosphate, polycarboxylate, and Glass Ionomer 
2. Radical Polymerization reaction: Resin cement 
3. Combining both setting reactions: Resin Modified Glass Ionomer 
 
Resin based luting agents were introduced in the mid 1980s. These are 
characterized by having optimum bonding properties, good mechanical properties and 
suitable working time. However, it has the disadvantage of being technique sensitive and 
has a limited curing depth. Composite resin Cements  phases are explained by Lutz et al38 
as the following:  
1. Matrix or organic phase, containing aromatic monomers and one or more of the 
following: Bis-GMA, UDMA, TEGDMA.  Also includes,  
a. Activator/initiator system MMA/DMMA. 
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b. Chemical activator: benzoyl peroxide initiator and tertiary aromatic amine 
activator (N, N-dihydroxyethyl-p-toluidine).  When activated by benzoyl 
peroxide, free radicals are released causing additional polymerization. 
c. Light activated: photoinitiator molecule (diketone). For example, 
camphorquinone (CQ), when it absorbs energy, it will react with the amine 
activators to produce free radicals, resulting in polymerization. 
d. Polymerization Inhibitor: to increase the cements ability in storage and 
working time. e.g. monomethylether of hydroquinone. 
e. Optical modifiers: Including aluminum oxide and titanium dioxide.  
f. UV absorbers, e.g. 2-hydroxy-4-methoxybenzophenone, used to stabilize 
color since composite resin has a tendency to darken over time. Therefore, 
by incorporating these UV stabilizers, it absorbs electromagnetic energy 
just below the blue region of the spectrum, but composite resin formulations 
that utilize photoinitiators does not have those stabilizers39.  
2. Dispersed phase / Inorganic filler particle: fillers that are exposed after 
deterioration of the interfacial bond as a result of going under oral conditions. 
Those exposed fillers show different properties. 
3. Interfacial phase or coupling agents: to bind between the resin matrix and the 





Classification of resin cements based on polymerization method38:   
1. Chemical-cure: chemical polymerization by mixing two components, two pastes or 
powder and liquid. The process will be initiated by benzoyl peroxide and 
accelerated by tertiary amines. 
2. Light-cure: polymerization initiated by visible light - 460nm, hence the cement is 
available in a single paste that contains camphorquinone for the polymerization 
process, and accelerated by aliphatic amine. 
3. Dual-cure: contains chemical activator, and photoinitiator. Both components are 
needed for polymerization. 
 
This study will be focused on light-cure resin cement, since it involves mimicking 
clinical scenarios of esthetic thin ceramic veneer cases. The ceramic limited thickness will 
permit penetration of light; hence allow proper polymerization of cement, avoiding dual 
cure resin cements that showed some color instability40. 
 
1.4.2 Film thickness & General properties 
Cement film thickness is a critical element in the success of casting seating; also, it 
prevents plaque accumulation and subsequent disease. Materials viscosity and particle size, 
or ambient conditions such as, temperature and humidity, all are factors that determine the 
film thickness39. In addition to physicochemical interactions between the substrate surface 
and the luting agent, such as surface energy and wettability.41  
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1.4.3 Esthetic resin cements and masking properties 
Cements have an important role in determining the final shade outcome of the 
veneer restoration, as they are one from many factors that can affect visual shade matching 
methods42. Aesthetic luting agents i.e. cements are available in different shades, and some 
include opaquer elements to hide the underneath discoloration28.  
Color and optical properties of composite resin materials are determined by the 
resin matrix, filler composition, and supplemental additives; including pigments and 
photoinhibitors43,44. In a study by Barath V.S. et al 42 concluded that the final color of a 
restoration is influenced by, the combination of background shades and the luting agents. 
 
1.4.4 Corresponding Try-in pastes. 
The use of a try-in paste has been suggested by Vichi A et al 15 to help predict the 
resin shade influence on final esthetic outcome. RelyX veneer Try-In pastes, by the 
manufacture, contains a polyethylene glycol (PEG) resin, and Zirconia/silica filler, to 
modify the handling and shading properties, at an approximate 10% loading by weight. 
The RelyX Try-In pastes are water soluble for easy clean up.  
 
1.5 Statement of the Problem 
Try-in paste shade that does not match with its corresponding resin cement, will 
give unpredictable results, that might lead to an unfavorable outcome, which is difficult 
to repair.  consequently, Try-in paste will lose its purpose of acting as a guide and not a 





The aims of this study are to determine the shade correlation between try-in pastes 
with their corresponding resin cements. Also, to investigate the effect of resin cement 
shades and various ceramic thicknesses, shades, and translucency in the final color 
outcome over tooth-shaded backgrounds. 
 
1.7 Research Null Hypothesis 
• There is no color difference between resin cements and their corresponding try-
in pastes. 
• There is no difference in shade masking between different ceramic thicknesses, 
shades, and translucency in the final measured color over tooth-shaded 
backgrounds. 
• There is no optical effect of different shades of resin cement on the final 
measured color of the restorations.  
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IPS e.max CAD (lithium-disilicate glass-ceramic) material Figure 7, was tested in 
this study using different shades, transparency and thicknesses as listed below:  
• Two shades (A1 and A3) 
• Two thicknesses (0.5mm and 0.8mm)  








Three specimen replicas were prepared for each category (thickness, shade & 
translucency), with a total number of ceramic specimens of N=24 as illustrated in Figure 
8. A Buehler Isomet 5000 Linear Precision Saw (Buehler Ltd, Lake Bluff, Illinois) Figure 
9, was used to section the ceramics, using the following machine settings: 
• A blade thickness of 0.381 mm 
• A blade speed of 3250 rpm 
 
 


















Figure 9: Buehler Isomet 5000 Linear Precision Saw. 
 
The sample overall thicknesses were 0.558 mm and 0.858 mm. The added 0.58 mm 
was to compensate for polishing loss and crystallization shrinkage. The first ceramic cut 
was discarded, to ensure the exact positioning of the saw for each following cut, which in 
general prevents any measurement error.  
To ensure that the sectioned specimens matched the labeled ceramic specimen bag, 
each bag included a sound block that is labeled by the manufacture.  Each time a specimen 
was completely sectioned, noted by the change of the machine’s noise, it was immediately 
picked, dried and placed in the bag.   
After sectioning, manual adjustments were done for each specimen of IPS E.max 
CAD, while it is in the intermediate soft stage, and before crystallization.  Therefore, it was 
quicker and more efficient to ensure the removal of the double saw endings and any sharp 
edges before crystallization using a 70 µm polishing disc. Then the ceramic specimens 
 
24 
were polished in two steps: 
1. First, manual polishing was done, using water with specialized silicon carbide 
grinding paper that provided rapid material removal and of any wedged edges and 
roughness, resulting in uniform surface finish (by Buehler, CarbiMet, Grit 600 
P1200) This is equivalent to using an ultrafine bur in a clinical setting.  
2. Manual polishing is done using a cloth disk attached to the platen (EcoMet® 250 
Grinder-Polisher, Buehler, Lake Bluff, Illinois).  The cloth disk has a magnetic 
carrier plate, used with 1µm alumina suspension paste (PSI-5601S-128, Huston, 
Texas, USA), high purity deagglomerated suspension and water, Figure 10. 
 
Figure 10: a) Buhler Ecomet 250 Grinder-Polisher. b)1um alumina suspension.  
 
Every specimen was well rinsed, to avoid any alumina particles drying on the 
ceramic surface and interfering with optical readings. 
 Three specimens that met the criteria of the required thickness (0.5 mm and 0.8 
mm) were chosen from the sectioned ceramic blocks. Then, crystallization was done 
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following the manufacturer’s protocol as follows: 
After ensuring that all specimens were completely dry, four samples of the ceramic 
specimens were placed in the crystallization furnace (Programat CS, Ivoclar Vivadent, 
Schaan, Liechtenstein). Each cycle included one shade and one size group. Then, the firing 
process started with the peak crystallization temperature of 800°C for 7 minutes then 
decreasing to 403°C. A complete cycle of crystallization requires 25 minutes, Figure 11. 
 
 
Figure 11: Crystallization furnace, Programat CS from Ivoclar Vivadent, used with mesh 
ceramic firing tray. 
 
Each specimen was removed from the tray and placed in its specific labeled bag; 





Figure 12: Measurement of the specimen thickness. 
 
3.1.2 cements and try-in paste  
RelyX Veneer cement, Figure 13, was chosen to be tested in this study. Three 
specimens of three different shades of cement were used in this study, Translucent (TL), 
Bleached Opaque (BO), and White Opaque (WO). The total cement specimens were (N=9).  
In this study, cement layer thickness of 75± 0.05 um was used to ensure reproducible 





Figure 13: RelyX Veneer cement kit from 3M ESPE. 
 
 To standardize the cement film thickness, the following materials were used: 
1.  Two glass slab plates. with separating medium (oil by Vita Prep Simulate, Vita 
Zahnfabrik, Germany) to achieve smooth, retrievable cement specimens, Figure 14. 
2. Two pieces of 30 mm long Tungsten wires: this material was chosen specifically 
due to its physical property to act as a guidance, despite the pressure applied, when 
the opposing glass slab is applied to unify the cement layer specimens.  
3. Electronic gauge: (digimatic Micrometer, mitutoyo MGF. Co., Tokyo, Japan), to 
measure thickness of specimens. 
4. Polymerized by exposure to visible light in the wavelength range of 400-500nm 





Figure 14: VITA SIMULATE insulation liquid. 
 
In order to ensure a standard thickness of the cement layer, three pieces of the 
tungsten wire with a thickness of 75µm, which is the required cement thickness, were cut 
in about 30 mm length each and placed over a glass slap, two drops of cement applied 
between the wires, then another glass slap that has vita oil separating medium on top. Then 
three fingers were applied positioned on top of the wires and while pressing both glass 
slabs, the specimens were completely light cured Figure 15. 
 
 
Figure 15: Preparing cement specimens with uniformed thickness, using 3 pieces of 
tungsten wires, with figure pressure on each, and light cure while pressing. 
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 Three corresponding shades of the RelyXTM Veneer Try-in paste were used in this 
study; Translucent (TL), Bleached Opaque (BO), and White Opaque (WO). To standardize 
the try-in paste thickness a paper of 80 µm was used, measured by the Benchtop Contact 
Thickness Gage (Mitutoyo 543-557A ABSOLUTE Digimatic Indicator, Kanagawa, 
Japan). A hole was punched, to allow some space for the try in paste to be placed in, which 
is wider than the spectrophotometer entrance site of 6mm. After every measurement, the 
paper was discarded and the ceramic and the natural die material were washed using 
distilled water and dried using wipes (Kimtech), to avoid having any residue or 
contamination that might interfere with the readings, Figure 16, Figure 17, Figure 18. 
 
 






Figure 17: a) combination of ceramic, try-in paste and stump shade material supported 
by foam covered in grey material. b) combination placed on the spectrophotometer. 
 
 
Figure 18: Care must be taken while placing the combined specimens, for the combined 
layers area to meet the entrance of the spectrophotometer without the interference of the 
paper. 
 
3.1.3 Tooth-shaded background (stump shade):  
Stump shade, originally from the German word [(stump(e)], meaning the remaining 
part of a broken tooth45. A term used in the dental clinic to simulate the prepared tooth 
shade to better communicate with the lab, to allow for modifications, to achieve the 
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required shade by the patient.  
Natural Die material (ND), composed of paste of poly (esterurethane 
dimethacrylate), silicon dioxide, paraffin oil, copolymer, initiators, stabilizers and 
pigments, from Ivoclar Vivadent dental IPS, was used in this study to resemble different 
shades of prepared teeth. Three samples of four different shades were fabricated; (ND2, 
ND5, ND8, and ND9) (N=12). All specimens were visually inspected before polishing to 
ensure absence of voids or major defects.  If present, the specimen was excluded. A uniform 
thickness of 6.610 mm and 10 mm diameter, was achieved using a metal mold and 
lubricated glass slabs with separating oil on both sides Figure 19. 
 
 
Figure 19: Stump shade (Natural Die) material prepared in a mold. 
 
Darker shades (ND8 & ND9) had to have additional curing, using Triad 2000 
machine (Dentsply, York Division USA) for 10 min, and enabling complete 




Figure 20: TRIAD 2000 used to cure darker stump shades (ND8 &ND9). 
 
 




Manual polishing of the specimens, was done in a circular motion, with a 
reasonable pressure on a polishing cloth disk attached to the Buehler EcoMet® 250 
Grinder-Polisher (Buehler, Lake Bluff, Illinois) while it was rotating in a low speed 
setting.  The cloth disk has a magnetic carrier plate, used with 1um alumina suspension 
paste (PSI-5601S-128, Huston, Texas, USA) high purity deagglomerated and water. No 
internal or external staining was used in the fabrication procedure. 
All natural die materials had 100% CR Table 3, which made them completely 
opaque, acting as an optical infinite background, to better asses and evaluate the ceramic 
and cement shade differences.  Each specimen was measured to match the L*a*b* values 
of its replicas from the same shade Table 4. Specimens with ∆E* higher than 2 are 
excluded.  Therefore, Stump shade (ND8, C) was excluded due to its ∆E* higher than 2 




Table 2: CR Measurements of all ND specimens, shows complete opacity. 
Name L*  a*  b*  Opacity_CR  
ND9B 46.55 -0.52 7.32 100.00 cr 
ND9C  45.81 -0.51 7.61 100.00 cr 
ND9A 46.38 -0.54 7.52 100.00 cr 
ND8B 59.73 2.39 15.9 100.00 cr 
ND8C 61.92 2.23 15.37 100.00 cr 
ND8A 59.19 2.4 16.44 100.00 cr 
ND5A 63.95 0.55 20.99 100.00 cr 
ND5B 64.75 0.4 20.3 100.00 cr 
ND5C 64.57 0.43 20.86 100.00 cr 
ND2A 70.42 -0.96 10.55 100.00 cr 
ND2B 69.8 -0.98 11.43 100.00 cr 





Table 3: Each shade number (ND2,5,8,9) had three replicas (A, B, C). which were all 
tested to match the ∆E* of their shade.  
Name L*  a*  b*  DL*  Da*  Db*  
P/F 
DEcmc DE*  
ND8A  55.88 2.69 19.43 0 0.02 0.01 Passed 0.02 
ND8B  55.21 2.89 20.24  -0.68 D   0.22 R   0.82 Y Passed 1.09 
ND8B  55.2 2.89 20.24  -0.69 D   0.22 R   0.82 Y Passed 1.09 
ND8C  58.46 2.77 18.74   2.57 L   0.09 R  -0.67 B Failed 2.66 
ND8C  58.46 2.76 18.75   2.57 L   0.09 R  -0.66 B Failed 2.66 
 
Name L*  a*  b*  DL*  Da*  Db*  
P/F 
DEcmc DE*  
ND9A  40.27 -0.9 9.32 0  -0.04 G   0.06 Y Passed 0.07 
ND9B  39.94 -0.82 9.64  -0.34 D   0.05 R   0.39 Y Passed 0.51 
ND9B  39.93 -0.79 9.61  -0.35 D   0.08 R   0.35 Y Passed 0.5 
ND9C  39.14 -0.86 9.65  -1.14 D 0.01   0.39 Y Passed 1.2 
ND9C  39.13 -0.86 9.66  -1.14 D 0.01   0.40 Y Passed 1.21 
 
Name L*  a*  b*  DL*  Da*  Db*  
P/F 
DEcmc DE*  
ND5A  61.14 0.58 24.37 0 0 -0.01 Passed 0.01 
ND5B  61.72 0.42 23.99   0.58 L  -0.16 G  -0.40 B Passed 0.72 
ND5B  61.71 0.41 23.95   0.57 L  -0.17 G  -0.44 B Passed 0.74 
ND5C  62.09 0.42 24.22   0.94 L  -0.16 G  -0.17 B Passed 0.97 
ND5C  62.08 0.42 24.24   0.94 L  -0.15 G  -0.15 B Passed 0.97 





Table 4 (continued): Each shade number (ND2,5,8,9) had three replicas (A, B, C). 
which were all tested to match the ∆E* of their shade.  
Name L*  a*  b*  DL*  Da*  Db*  
P/F 
DEcmc DE*  
ND2A  68.4 -1.19 11.74   0.02 L -0.02   0.03 Y Passed 0.04 
ND2B  68.01 -1.24 12.67  -0.37 D  -0.07 G   0.96 Y Passed 1.03 
ND2B  68 -1.23 12.66  -0.38 D  -0.05 G   0.94 Y Passed 1.01 
ND2C  69.36 -1.18 10.84   0.98 L -0.01  -0.88 B Passed 1.32 
ND2C  69.35 -1.18 10.86   0.98 L -0.01  -0.86 B Passed 1.3 
 
3.2 Refractive Index: 
The ceramic and cement specimens were connected by using glycerol separating 
medium from Vita.  This insulation liquid, in addition to being used in the preparation 
of cement specimens, was also used for optical contact, to provide better light 
transmission and eliminate scattered light through the cement-ceramic specimen 
interface. Vita glycerol refractive index is 1.472, Table 5: 
 
Table 5: Refractive index of Enamel, Dentin & Cement. Meng z, et al 2009. 
Name mean SD 
Enamel 1.631 0.007 
Dentin 1.540 0.013 
Cementum 1.582 0.010 
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In a room temperature of 26.8 degrees Celsius, refractive index, using (refractive 
index meter II, PRESIDIUM*, Presidium Instruments Pte Ltd, Singapore) Figure 22, was 
measured from five different spots of 2 specimens of each ceramic shade, thickness and 
translucency, as well as four shades of Natural Die.  For the cement, dome shaped 
specimens of each shade were made and fully cured Figure 23, then tested in 10 different 
spots Table 6. 
 






Figure 23: Cement specimens prepared in a dome shape, for Refractive Index 
measurement. 
 
Table 6: Mean and standard deviation of ten different spots from two specimens (A&B) 
of all shades were measured by the refractive index meter II. 
 Mean SD 
ND2 1.319 0.019 
ND5 1.354 0.030 
ND8 1.309 0.003 
ND9 1.344 0.015 
LT A1 1.505 0.021 
LT A3 1.577 0.007 
HT A1 1.528 0.006 
HT A3 1.545 0.005 
WO 1.572 0.023 
BO 1.543 0.007 




3.3 Method of measuring color  
Benchtop spectrophotometer, Ci7860 (X-Rrite, USA) was used, with a range of 400 
- 700 nm to measure and asses the color masking ability and to obtain specimen reflectance 
values of the different shades of cements with different thicknesses and translucencies in 
two shades of ceramic on four different background shades.  Measurements were recorded 
on a PC using Color Icontrol professional software. 
Prior to measurement, the machine is calibrated with both a white tile and a black 
mirror.  Then a grey background was used during the CIE L*a*b* measurements, with an 
aperture of 6mm.  
The machine was positioned vertically to enable placing the 3-layered specimen 
together, precisely located at the center of the 6mm aperture Figure 24, Figure 25. 
 
Figure 24: a) Spectrophotometer. b) placed vertically for easier placement of the 




Figure 25: a) critical handling of the cement layer. b) centralizing the layers. c) all three 
layers, ceramic, cement & Natural Die material in order. 
 
 To analyze the results from the spectrophotometer, an equation was used to 
determine color differences between specimens. This was done by comparing the 
respective color coordinate value for each assembled specimen, as follows: 
DE*=[(DL*)2+(Da*)2+(Db*)2]1⁄2 , where (ΔE*) is the total color difference, (ΔL*) 
represents the translucency of the material, (Δa*) redness to greenness, and (Δb*) 
yellowness to blueness. Total color difference ∆E ∗ab from a reference color, which in our 
study is the stump shade (L*0, a∗0, b∗0) to a target color (L ∗1, a∗1, b∗1) in the CIELAB 
space is given by: ∆E ∗ab = [ (∆L ∗)2 + (∆a ∗)2 + (∆b ∗)2 ]1/2, Where (∆L∗ = L∗1 − L∗0), 
(∆a∗ = a∗1− a∗0) and (∆b ∗ = b∗1 – b*0). 
For this study, based on literature
46
 ,in regards to perceptibility and acceptability, 
the following pattern was used: 
• Values of DE* < 2 are considered clinically acceptable;  
• Values of DE* > 2 are clinically not acceptable since change of color is appreciable 
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by the human eye. 
 
3.4 Design of Experiment (DOE) & Statistical Analysis: 
DOE of experiment was done to reduce the effect of confounding variables and 
uncontrolled random variables with minimized number of experiments. Therefore, 48 
experiments done in two runs, in 4 random blocks, with no significant differences. Figure 
26, Table 7. 
Results for the masking ability over the tooth shaded backgrounds ND2, ND5, ND8 
and ND9 are expressed as means and standard deviations of ΔE*, analyzed by 
multifactorial linear regression with considering main factors and secondary factorial 
interaction.  ANOVA post hoc Tukey HSD test was used to compare the average of ΔE* 
values between the groups. Any p-values less than 0.05 was considered statistically 
significant. All analyses were performed using Excel and JMP Pro 13.  
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CHAPTER 4 RESULTS 
 
4.1 DOE Random Block 
 















Figure 27: LS Mean Plot of four random blocks.	
 
Table 7: Least Squares Means of four random blocks. 
Level  Least Sq Mean 
1 A 19.546 
4 A 19.005 
3 A 17.124 
2 A 16.017 
 
Figure 26 shows overall randomization resulted as expected with insignificant difference 
in the ∆E* upon all tested specimens among the four random blocks. This indicates the 
random factors could be well-randomized during the test.   Figure 27, shows 48 
experiments done in two runs, repeated twice, in 4 random blocks, for 4 days with no 
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significant differences. Table 7 shows all levels connected by same letter are not 
significantly different. 
 
 Linear Regression Model for ∆E* 
4.2.1 ∆E* Response in the Whole Linear Model 
 




Table 8: Effect summary of all factors on ∆E* using least square linear regression model. 
Source LogWorth  P-Value 
Stump Shade 48.555  0.00000 
Ceramic Shade 18.043  0.00000 
Cement 13.778  0.00000 
Cement Type 7.620  0.00000 
Ceramic thickness 5.881  0.00000 
Stump Shade*Ceramic 
Transparency 
5.273  0.00001 
Cement*Cement Type 4.428  0.00004 
Ceramic Transparency 1.323  0.04757 
Cement*Ceramic Shade 0.994  0.10145 
Ceramic Shade*Cement Type 0.488  0.32540 
 
Table 9: Summary of Fit. 
RSquare 0.925975 
RSquare Adj 0.909841 
Root Mean Square Error 1.759031 
Mean of Response 17.16176 






Table 10: Fixed Effect Tests. 
Source Nparm DF DFDen F Ratio Prob > F 
Stump Shade 3 3 76.15 477.7611 <.0001* 
Ceramic Transparency 1 1 75.88 4.0557 0.0476* 
Ceramic thickness 1 1 75.84 27.6186 <.0001* 
Cement 2 2 77.12 49.2322 <.0001* 
Ceramic Shade 1 1 76.35 137.7406 <.0001* 
Cement Type 1 1 75.9 38.8014 <.0001* 
Cement*Ceramic Shade 2 2 76.12 2.3584 0.1015 
Cement*Cement Type 2 2 76.94 11.6741 <.0001* 
Ceramic Shade*Cement Type 1 1 76.29 0.9797 0.3254 
Stump Shade*Ceramic 
Transparency 
3 3 76.65 10.8044 <.0001* 
 
A linear regression model was established based on the effect of stump shade, 
ceramic shade, ceramic translucency, cement type, cement shade, ceramic thickness, and 
secondary interactions. Figure 28 shows that the predicted value highly matches the exact 
value with an R-square of.0.93, which indicates 93% observed variance can be explained 
by this model. Table 8 shows the LogWorth, and p-value of single factors and interactions. 
It can be seen that almost all the single factors in this study are dominant factors, with a 
LogWorth ranking from high to low of stump shade (48.6), ceramic shade (18.0), cement 
shade (13.8), cement type (7.6), and ceramic thickness (5.9). The interaction between 
stump shade and ceramic transparency are significant with a LogWorth (5.3).   Also, the 
interaction between cement shades and their try-in pastes (cement type) is significant with 
a LogWorth (4.4). Also, there is significant differences with the ceramic transparency (1.3), 
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where between the cement and the ceramic shade (1) and between ceramic shade and 
cement type (0.5) there is no significant differences. 
Figure 31 shows an equation that can predict the final color outcome when 









Figure 29: Prediction Expression. 












Figure 30 (continued): Prediction Expression. 













4.2.2 ∆E* Response to the effect of Stump Shade	
 
 



















Figure 33: Least Square Means Plot of ΔE* vs Stump Shade. 
 
Table 11: DE*Mean and Tukey Test Ranking Levels of Stump Shade. 
Level    Least Sq Mean SE 
ND9 A   26.584 0.392 
ND8  B  19.321 0.368 
ND5  B  19.161 0.343 
ND2   C 6.626 0.379 
. 
 
Table 11 shows Levels connected by same letter are not significantly different, which are 




4.2.3 ∆E* Response to the effect of Ceramic Transparency 
 
 

















Figure 35: Least Square Means Plot of ΔE* vs Ceramic Translucency.	
 
Table 12: DE* Mean and Tukey Test Ranking Levels of Ceramic Translucency. 
Level   Least Sq Mean SE 
HT A  18.292 0.276 
LT  B 17.553 0.258 
 
Figure 34 shows DE* LS mean and standard error of color change difference when 
using IPS e.max CAD ceramics with different translucencies.  
Significant color difference is observed between using high and low ceramic 
translucency with a p-value of 0.0476. 
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Low translucency IPS e.max CAD ceramic exhibited less change on the final color 
outcome.  Where the final color outcome was affected more with the underlying layers 
when using high translucency ceramic. 




4.2.4 ∆E* Response to the effect of Ceramic thickness 
 
 




















Figure 37: Least Square Means Plot of ΔE* vs Ceramic Thickness.	
 
Table 13: DE* Mean and Tukey Test Ranking Levels of Ceramic Thickness. 
Level   Least Sq 
Mean 
SE 
0.5 A  17.923 0.195 
0.8  B 16.012 0.179 
 
Figure 36 shows DE* LS mean and standard error of color change difference when 
using IPS e.max CAD ceramics with different thicknesses.  
Significant color change difference is observed between both groups with a p-value 
of <.0001.  Where more change of the final color outcome is exhibited when using 0.5 mm 
of ceramic thickness. Hence, ceramic thickness of 0.8 mm is less affected by the underlying 
layers than 0.5 mm ceramic thickness.  
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Table 13 shows groups with different letters (A, B) are significantly different. 
 
4.2.5 ∆E* Response to the effect of Ceramic Shade 
 
 
















Figure 39: LS Means Plot of ΔE* vs Ceramic Shade. 
	
Table 14: DE*Mean and Tukey Test Ranking Levels of the Ceramic Shades. 
Level   Least Sq Mean SE 
A1 A  20.023 0.257 
A3  B 15.823 0.271 
 
Figure 38 shows DE* LS mean and standard error of color change difference when 
using IPS e.max CAD ceramics with different shades.  
Significant color change difference is observed between both groups with a p-value 
of <.0001.  IPS e.max CAD shade A1 caused more significant change in the final color 
outcome than shade A3 which is less affected by stump shade and underlying layers.   
Table 14 shows groups with different letters (A, B) are significantly different.  
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4.2.6 ∆E* Response to the effect of Cement Shades 
	
 
















Figure 41: Least Square Mean Plot of ΔE* vs Cement Shade.	
 
Table 15: DE*Mean and Tukey Test Ranking Levels of Cement Shades. 
Level   Least Sq Mean SE 
RX-WO A  20.414 0.330 
 
RX-BO  B 17.036 0.290 
 
RX-TR  B 16.319 0.290 
 
 
Figure 40 shows DE* LS mean and standard error of color change difference when 
using different shades of Rely-X Veneer Cement. 
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Insignificant difference in color space is shown between shades Bleached Opaque 
and Translucent with a p-value 0.1729.  Where significant color difference with a p-value 
<.0001 is observed between White Opaque shade among the Bleached Opaque and the 
Translucent shades of Rely-X Veneer Cement.  Results also show that White Opaque 
shade has the highest effect on DE* hence better masking ability. 





























Figure 43: LS Means Plot of ΔE* vs Cement and Try-in Paste. 
 
Table 16: DE*Mean and Tukey Test Ranking Levels of Cured Cement and the Try-in 
Paste. 
Level   Least Sq Mean SE 
Cement A  19.057 0.277 
Try-in  B 16.789 0.254 
 
Figure 42 shows DE* LS mean and standard error of color change difference when 
using cured RelyX veneer cement and its corresponding try-in paste. 
Significant color difference with a p-value of <.0001 is observed between the cured 
cement and its corresponding try-in paste.  Where the cured cement shows higher masking 
ability than the try-in paste. 
Table 16 shows groups with different letters (A, B) are significantly different.  
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4.2.8 ∆E* Response to interactive effect of cement shades and cement type (Cement 
and Try-in Paste) 
 
 





















Figure 45: Least Square Means Plot of DE* vs the Correlation of Cement Shades and its 
Try-in Paste. 
 
Table 17: DE* Mean and Tukey Test Ranking Levels of Different Cured Cement and 
their Try-in Paste shades. 
Level     Least Sq Mean SE 
RX-WO, Try-in A    20.494 0.451 
RX-WO, Cement A B   20.334 0.471 
RX-BO, Cement  B C  18.513 0.494 
RX-TR, Cement   C  18.324 0.412 
RX-BO, Try-in    D 15.558 0.372 
RX-TR, Try-in    D 14.315 0.421 
 
Figure 44 shows DE* LS mean and standard error of the behavior of different 
shades of cured RelyX veneer cement in relation to their corresponding try-in paste shades.  
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Overall, insignificant color change outcome with a p-value of 0.8051 is exhibited when 
using shade White Opaque cement and shade White Opaque try-in paste.  Where cement 
shades Bleached Opaque and Translucent exhibited similar behavior, exhibiting significant 
difference to their corresponding try-in paste shades with a p-value (<.0001).  also, 
insignificant color change with a p-value of 0.7665 is found between RelyX veneer cement 
shade Translucent and shade Bleached Opaque. 




4.2.9 ∆E* Response to interactive effect of cement shade and ceramic shade  
 
 


















Figure 47: Least Square Means Plot of DE* vs the Correlation of Cement Shades and its 
Try-in Paste. 
	
Table 18: DE* Mean and Tukey Test Ranking Levels of Different Ceramic and Cement 
shades. 
Level    Least Sq Mean SE 
RX-WO, 
A1 
A   22.612 0.459 
RX-TR, A1  B  18.843 0.412 
RX-BO, A1  B  18.614 0.441 
RX-WO, 
A3 
 B  18.216 0.438 
RX-BO, A3   C 15.457 0.469 




Figure 46 shows DE* LS mean and standard error of the behavior of different 
shades of IPS e.max CAD in relation to different shades of cement. 
Overall using IPS e.max CAD ceramic shade A3 had less change on the final color 
outcome with different shades of cement than ceramic shade A1.  
Significant difference is noted with cement shade White Opaque under ceramic 
shade A1 than with ceramic shade A3 with a p-value <.0001. Bleached Opaque and 
Translucent cement shades had no significant difference in the ceramic shade A1 with a p-
value of 0.9989 and ceramic shade A3 with a p-value of 0.0624. 










Figure 48: Least Squares Means of DE* vs Interaction of Ceramic Shades with Cement 




















Figure 49: Least Square Means Plot of DE* vs Interaction of Ceramic Shades with 
Cement and Try-in Paste. 
 
Table 19: DE* Mean and Tukey Test Ranking Levels of Different Ceramic Shades, 
Cement and their Try-in paste. 
Level     Least Sq 
Mean 
SE 
A1, Cement A    21.336 0.364 
A1, Try-in  B   18.710 0.347 
A3, Cement   C  16.778 0.395 
A3, Try-in    D 14.868 0.366 
 
Figure 48 shows DE* LS mean and standard error of the behavior of different 
shades of IPS e.max CAD in relation to cured RelyX veneer cement and its corresponding 
try-in paste.  Significant difference with a p-value of 0.0001 when ceramic shade A1 used 
with the try-in paste and the cement.  Similarly, significant difference is exhibited with a 
p-value of 0.0033 between the cement and try-in paste with ceramic shade A3.   
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Table 19 shows groups with different letters (A, B, C, D) are significantly different. 
	
4.2.11 ∆E* Response to interactive effect of Stump Shade and Ceramic Translucency 
	
 
























Figure 51: Least Square Means Plot of DE* Interaction of Stump Shade and Ceramic 
Translucency. 
 
Table 20: DE* Mean and Tukey Test Ranking Levels of Different Ceramic Translucency 
with Different Stump Shades. 
Level      Least Sq Mean SE 
ND9, LT A     27.841 0.518 
ND9, HT  B    25.328 0.577 
ND5, HT   C   20.755 0.490 
ND8, HT   C   19.891 0.524 
ND8, LT   C D  18.751 0.505 
ND5, LT    D  17.567 0.468 
ND2, HT     E 7.197 0.483 





Figure 50 shows DE* LS mean and standard error of the behavior of different 
translucencies of IPS e.max CAD in relation to different stump shades.  This interaction 
shows no significant difference when using HT or LT with stump shade ND2, with a p-
value 0.741. Similarly, with stump shade ND8, no significant difference when using either 
high or low translucencies with a p-value 0.757.  On the other hand, there is significant 
difference when using different translucencies with stump shade ND9, with a p-value 
0.032. Similarly, with stump shade ND5 significant difference is seen with different 
translucencies with a p-value 0.0002. 
Table 20 shows groups with different letters (A, B, C, D, E) are significantly 
different. 
 
4.3 Comparing effect of all factors on DE*, DL*, Da* and Db* using least square 
linear regression model  
Table 21Table 22,Table 23, shows the LogWorth and p-value of single factors and 
interactions. With a LogWorth ranking from high to low, it can be noted that the stump 
shade is ranked the highest, affecting DL* with a LogWorth (51.9), Da* (39.5) and Db* 






Table 21: Effect summary of all factors on ∆L* using least square linear regression 
model. 
Source LogWorth  PValue 
Stump Shade 51.859  0.00000 
Cement Type 16.992  0.00000 
Cement Shade 11.762  0.00000 
Ceramic Shade 11.415  0.00000 
Ceramic Transparency 7.497  0.00000 
Ceramic thickness 4.744  0.00002 
Cement Shade*Cement Type 2.756  0.00175 
Cement Shade*Ceramic Shade 1.381  0.04159 
Ceramic Shade*Cement Type 1.197  0.06354 
Stump Shade*Ceramic Transparency 1.059  0.08720 
 
Table 22: Effect summary of all factors on ∆a* using least square linear regression 
model. 
Source LogWorth  PValue 
Stump Shade 39.454  0.00000 
Ceramic Shade 6.863  0.00000 
Cement Shade*Cement Type 5.045  0.00001 
Cement Shade 3.494  0.00032 
Cement Shade*Ceramic Shade 2.987  0.00103 
Ceramic thickness 0.693  0.20298 
Ceramic Transparency 0.516  0.30512 
Stump Shade*Ceramic Transparency 0.438  0.36481 
Cement Type 0.336  0.46104 
















Source LogWorth  PValue 
Stump Shade 54.380  0.00000 
Ceramic Transparency 26.801  0.00000 
Ceramic Shade 21.665  0.00000 
Cement Shade 9.326  0.00000 
Ceramic thickness 7.576  0.00000 
Cement Shade*Cement Type 6.529  0.00000 
Cement Type 5.397  0.00000 
Cement Shade*Ceramic Shade 1.070  0.08507 
Ceramic Shade*Cement Type 0.756  0.17522 
Stump Shade*Ceramic Transparency 0.607  0.24717 
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Figure 52: DE*, DL*, Da* and Db* values of different cement shades interacting with 
stump shades. 
 
Figure 52 shows overall Da* values had the least impact on DE* values.  DL* values 
increased in conjunction with the increase darkness of stump shade.  Where Db* values 
affected stump shades ND5 and ND8 more than other shades. 
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4.5: Comparing effect of shades of cement to its corresponding try-in paste on DE*, 
DL*, Da* and Db* values. 
 
Figure 53: Correlating different cement shades to its try-in paste on DE*, DL*, Da* & 
Db* values.	
 
Figure 53 Each error bar is constructed using 1 standard deviation from the mean.  
It can be seen that Da* has the least effect on DE* to all shades of cement and try-in paste.  
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On the other hand, cement shade Translucent and Bleached Opaque behaved similarly with 
Db*.  where in DL* try-in paste had much lower values than its corresponding cement 
shade. Imposingly, try-in paste shade White Opaque had higher Db* values than its 




CHAPTER 5 DISCUSSION 
 
Patient esthetic demand has been increasing throughout the years.  Accordingly, 
this impacted the basics on which the treatment plan will be formulated, from function to 
esthetics.  In dentistry, matching discolored anterior teeth is challenging, therefore, 
clinicians should consider all types of ceramics available, thicknesses, translucency, and 
opaque cements, to solve this issue.  In the present study, IPS e.max CAD blocks in two 
different thicknesses, 0.5 mm and 0.8 mm, with two different translucencies, High 
Translucency (HT) and Low Translucency (LT), were investigated under RelyX veneer 
cement, in three different shades, Translucent (T), Bleached Opaque (BO) and White 
Opaque (WO), to determine masking properties of the ceramic with different shades of 
cement.   
Often both the clinician and the patient approves using a certain cement shade after 
placing the try-in paste, which should mimic exactly the shade of cement.  In the present 
study, a correlation of the RelyX veneer cement, in three different shades, Translucent (T), 
Bleached Opaque (BO) and White Opaque (WO) and their corresponding try-in pastes 
were investigated. 
Life like appearance can be achieved by having a translucent ceramic system, that 
would transmit great amount of light through the core.  Nevertheless, any factor can easily 
affect the final color outcome, thus it will be more complex to match colors (Chang J, et 
al, 2009), (Dede D, 2017). 
The most noticeable esthetic errors in restorations are from errors in brightness, 
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because the value (brightness) is more sensitive to human eyes than chroma or hue47,48.  
Dede et al 2017, Suggested comparing the thickness and shade parameters of the 
ceramic material or the effect of clinical evaluation pastes on color coordinates.  In 
addition, to those variables, the study suggested evaluating other optical properties such as 
translucency, chroma, and hue angle49. 
The optimal final color outcome is achieved by increasing the ceramic thickness, 
however, the structural integrity of the restored tooth would likely to be compromised 
and endanger the health of the pulp. Therefore, a conservative approach is by using 
opaque cements. 
A study was done by Binting X et al  concluded that the final color of the ceramic 
veneer could be slightly modified by the luting composite50. Another similar study by 
Davis et al, stated that a potential substrate color mask could be achieved with the luting 
composite51. 
In this current study, there were significant differences found with a p-value 
(<.0001) between the RelyX veneer cement shades of (Tr and BO) with its corresponding 
try-in pastes, which had less masking effect than their corresponding cements, where the 
mean of cement (19.057) and the try-in paste (16.789).  On the other hand, there were no 
significant differences, between the RelyX veneer cement shade WO to its corresponding 
try-in paste with a p-Value (.805).   Therefore, the WO is the only shade from the three 
tested shades that had a correlation to its corresponding try-in paste.  Which could be due 
to different state of materials, the resin cement when cured is solid while the try-in paste 
as the name indicates it’s a washable non-curable material.  Also, could be due to different 
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refractive index in the composition, the resin is composed of bisphenol-A-diglycidylether 
dimethacrylate (BisGMA) and Triethylene glycol dimethacrylate (TEGDMA) while the 
try-in paste is composed of polyethylene glycol (PEG).  Another reason could be due 
different loading weight of the zirconia/ silica filler content, where the resin cement has 
approximately 66% and the try-in paste has only 10% filler loaded by weight, as written in 
the product profile. 
Similar results were found by Binting X et al in addition to a study by Barath et al, 
and Xu et al, concluded that the shade of try-in paste was not always matched the 
corresponding luting composite whither the ceramic is 0.5 or 0.7 mm thick42,50.  
Algazali N et al, 2010, also compared between the try-in paste and its correlated cement, 
and found perceptual difference between them, which is considered clinically significant52. 
Therefore, “Care must be taken in the selection of cement shade to achieve the best final 
results possible.” (Hernandes D, et al, 2016) 
A study by Dede et al 2017, found that the use of variolink transparent has DE* 
above 2.25 which is clinically not acceptable. Due to variations in the composition of 
different brands of translucent resin cement, optical properties may vary and should be 
carefully investigated49.  Therefore, in our study we compared the translucent shade to the 
Opaque white and bleached opaque RelyX veneer cement shades, which resulted in a mean 
of DE* between the three shades as follows, WO (20.414), BO (17.036) and Tr (16.319). 
The result concluded no significant difference between RelyX veneer cement shade BO to 
the Tr shade with a p-Value 0.0741, where significant difference is exhibited when either 
shades TR or BO compared to cement shade WO, with a p-Value of <.0001. 
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Binting et al, 2014 found that the luting composite with the translucent shade had 
no significant differences than the luting composite with the BO shade, which is similar to 
what is found in this study50. 
In addition, this study also found that cement shade WO had the highest effect on 
the final color outcome than the other two shades, hence had a better masking effect of 
the darker underlying stump shade.  
Since lighter shade is achieved through Opaque luting agent while darker shade is 
achieved by using transparent luting agent, our findings can be explained.  
Mohammed Q, 2012, studied the effect of five shades of rely x veneer and found 
that shades A1>TR>B0.5 in order have darkened the final color outcome compared to the 
control group, due to decrease in (L*) value.  While the other two cement shades which 
are WO>A3 made the final color outcome lighter than the control group due to their high 
(L*) value53.  Jankar et al. 2015 had similar findings54. 
A study was done by Xu et al, found that the luting composite with the translucent 
shade had no significant differences from the luting composite with the B0.5 shade.  
Also, he stated that among all the tested different shades of resin cement, shade White 
Opaque was the most significant effective masking shade on ceramic specimens.  which 
are all similar findings to our study. 
Kilinc et al found that perceptible color differences (∆E>3.3) were noted when 
using the White Opaque shade (WO) of resin cement. Color differences between different 
resin cements shades might be due to varying amounts of opacity in the cement55, the 
bulk of the material and the inorganic fillers within the material have different refractive 
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indices, leading to scattering of light and different translucency degrees 56.  
Translucency level is also influenced by the degree of chroma, which, in turn, 
influences the final color as well: Low chroma shades were more translucent, (Terzioglu 
H, 2009). Consequently, Qahtani. M et al,2012 found that some of the resin cement 
shades (TR and B0.5) have insignificant differences, might be due to insufficient 
difference in chroma 53, which a similar finding to our study. 
Color coordinates are important factors, that are influenced by the characteristics 
of refractive index in composite resins. Studies have shown, the color of composite resin 
materials is affected by the light transmittance characteristics 57,58,59&60.  In our study, the 
mean value of RI is shown in Table 6, which is the closest to the RI of Vita oil used 
(glycerol) therefore, avoiding different light ray behavior. In addition, when we compared 
the effect of shades of cement to its corresponding try-in paste on ∆E*, ∆L*, ∆a* and ∆b* 
values, we found that ∆a* has the least effect on ∆E*, which could be due to the shades we 
have selected in this study, based on the product profile when compared to the opal luting 
composite, both B0.5 and WO shades are in the cool range, which occupies the blue range 
of the 3D color spectrum (∆b*), unlike shades A1 and A3 they are similar to the worm opal 
luting composite, that occupies the red range of the 3D color spectrum (∆a*) which is not 
used in this study. 
Minimal perceptive ΔE* value is still controversial in the literature. Some studies 
stated the ΔE* values as low as one unit are found to be visually detectable 61, 62 ,while 
another study reported that ΔE* values up to 3.3 units is considered a visually acceptable 
color match 17.  Additionally, a study done by Johnston et al., reported that the threshold 
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for visually acceptability is up to 3.7 units 18. On the other hand, Chu et al. reported that 
values of ≤ 5 are considered clinically acceptable for veneer restorations20. Theoretically, 
the masking ability of a ceramic veneer is considered “perfect” when ΔE*= 0, meaning no 
color change when placed over white and black backgrounds 61,62.  In our study, any change 
above 2 ΔE* units, is considered perceptually noticeable. While In the product profile of 
the resin cement ΔE* =3 was used as their scale.  Also, they had 1000 um as their cement 
thickness specimens, while in our study we had the cement thickness measured at around 
80 um which is much closer to the acceptable cement space in a clinical setting that is 
between 20-40 um. Which can explain the different findings. 
This study compared the effect of IPS e.max CAD ceramic translucencies in both 
shades A1 and A3, on the final color outcome, and found that there are significant 
differences between high translucency (18.292) and low translucency (17.55), with a p-
Value of 0.0476. chemical composition, grain size, crystalline structure, pores, and 
additives are all affecting the translucency of dental ceramics 21,63,64. 
CAD (computer aided design)/CAM (computer aided manufacturing) blocks are 
manufactured in to versions, high translucent (HT) and low translucent (LT). High 
translucency material contains a small number of large crystals, while low translucency 
material contains a large number of smaller crystals65. 
“The degree of scattering at the interfaces between adjacent crystals and between 
crystals and the glass phase is a function of the relative refractive indices of the different 
phases, and their particle sizes, shapes and volume concentrations”66. 
Temperature of the heat treatment needed to induce crystal nucleation and growth 
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process affects the translucency of glass-ceramics materials67. 
The higher translucency values could be explained by the size of particles, if the 
particle diameter is smaller than the wavelength of visible light leading to reduced light 
scattering and increased transmission of light, hence higher translucency 64,68. 
Due to low refractive index of lithium disilicate crystals it can be 
translucent.  Additionally, the lower values from the low translucency ceramics could also 
be due to increased alumina content, which leads to being less affected from the substrate 
shade and the cement layer.  Noort et al. reported that the amount of alumina content is 
inversely proportional to the ceramic’s translucency. In addition, other factors such as 
chemical composition, crystalline content, grain size, and microstructural differences in the 
material determines the translucency parameters as well as number, size and distribution 
of defects and porosity 68.  Therefore, more consideration should be taken when using high 
ceramic translucency over dark stump shades. 
Significant difference p-Value <.0001, is found between IPS e.max CAD shade 
A1(20.023) and shade A3(15.823). Since ceramic shade A1 was more influenced with the 
underneath layers and had an overall more final color change when tested over dark 
substructures.  Therefore, a clinician should be more concerned to match the final color 
outcome with different (darker) stump shades when using ceramic shade A1. 
Refractive index difference between the particle, matrix and pigments in a 
material can influence the color and translucency of ceramics in addition to affecting the 
diffusion and scattering of light as well21. particle size of ceramic materials can have 
larger or smaller than the wavelength of visible light (0.4 to 0.7 µm)21.   if they are larger 
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they will lead to diffusion of light giving high refraction and reflection values giving the 
ceramic material an opaque effect 69. 
One of the factors that would influence ceramic translucency are the 
pigments,70.Since shade A3 is darker in value than shade A1 ceramic, it has less 
translucency parameter.  Therefore, more masking effect of the discolored substructure. 
There were also significant differences when comparing the mean of both IPS 
e.max CAD thicknesses, 0.5 had a mean of (17.923) and 0.8 (16.012), p-Value <.0001. 
Opacity of the ceramic Increases when the thickness of ceramic increases, 15,19,71.  The 
thinner the ceramic the more consideration of the underlying layer’s shades should be 
taken. increasing the thickness and opacity of the ceramic should be considered when 
treating dark stump shade, to avoid color change of the final color outcome. Therefore, 
opaque ceramic thickness of 1.5 mm is sufficient to mask any contributing effects, 
despite the type of substrate72. 
Thicker ceramics transmit less light, while increasing the scattering of light, 
therefore reduces the translucency of ceramics, which results of a better masking ability 
to the discolored substructure 19,71,73. 
Vichi A et al, confirmed the current study finding that the overall color of the 
restoration is affected by the thickness of the ceramic.  The increased thickness of 
ceramic, the more it will diminish the diffused reflection from the substrate. 
This study found that, there were no significant differences when investigating ∆E* 
of cement and ceramics under both natural die shades ND5 & ND8 with a p-Value of 0.741. 
Where the mean of ND9 (26.584), ND8 (19.321), ND5 (19.161), and ND2 (6.626).  
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Overall stump shade ND9 had the highest effect on the final color outcome, and stump 
shade ND2 had the least effect.  An essential factor of determining the final restoration 
color, is the shade of the substrate 21,48.   
In our study, the darker the stump shade the more influence it had on the final 
color measurement.  This could be due to the increased number, value and chroma of the 
pigments.  In addition, the stump shade is the thickest component of the complex 
measured, therefore, this could explain its most dominant factor. 
Therefore, variation of filler, pigment, and opaque content, greatly determine the 
amount of absorbed, scattered, and transmitted light of composite resins. Hence, refractive 
index and light transmittance characteristics. Which explains different composite resin 
shades. 
Due to all the variabilities mentioned above, this emphasizes the necessity of 
common shade classifications or industrial standardization for all resin cements 
manufacturers, which has also been requested in previous studies74,75. 
 
Limitations of the Study 
The principal limitations of this study are due to the use of only one type of 
ceramic and one brand of cement and try-in paste.    
Also, as with any in vitro study, the conditions can simulate clinical situations but 
not fully replicate them. The ceramic specimens were made in one uniform thickness and 




In addition, this study investigated the color differences using only a spectrophotometer.  
Further studies using 3D master shade guide are suggested. The correlation between 
another type of cement and its corresponding try-in paste in different shades can increase 




CHAPTER 6 CONCLUSIONS 
Within the limit of this study, following conclusions have been drawn. 
• Stump shade is the most dominant factor in this study. 
• ND9 stump affected the final shade outcome more than any other stump shade in 
this study. 
• Stump shade ND5 & ND 8 have insignificant differences when compared to each 
other in color space, whereas both have significant differences when compared to 
shades ND 2 & ND 9. 
• ND5 and ND8 had an intermediate effect on final color outcome. 
• ND2 had the least effect on final shade. 
• Final color outcome is more affected when using IPS e.max CAD shade A1. 
• RelyX veneer cements shades (Translucent and Bleached Opaque) have lower 
masking ability than White Opaque cement. 
• RelyX veneer Try in paste is much less effective in color masking than its 
corresponding resin cement. 
• There is no correlation between RelyX veneer cements shades (Translucent and 
Bleached Opaque) with their corresponding try-in pastes, except for shade White 
Opaque. 
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